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Abstract: This paper describes the preparation of novel bentonite-starch comp-
osites and assesses their effectiveness as adsorbents for removing methylene
blue (MB) and methyl red (MR) dyes from aqueous solutions. The adsorbents
were characterized using X-ray diffraction and FTIR spectroscopy. This study
is aimed to optimize the removal process by investigating the effect of pH,
adsorbent dose, contact time and initial concentration. The sorption kinetics of
MB and MR dyes were analysed using the pseudo-first order and pseudo-
second order models. The experimental results indicate that the pseudo-second
order kinetic model provides the best fit. The composite adsorbents exhibited a
sorption capacity for MB, ranging from 146.21 to 157.58 mg g’! for bentonite—
—starch (Bt@star) and bentonite—starch—glycerol (Bt@star@gly), respectively.
The sorption capacity for MR dye was 426.38 mg g*! for Bt@star and 309.82
mg g! for Bt@star@gly. Furthermore, the correlation coefficient values indi-
cate that the adsorption of MB and MR by Bt@star@gly is best described by
the Langmuir model, which unequivocally implies that the adsorbent surface is
homogeneous, resulting in monolayer adsorption. The Langmuir model also
accurately describes the adsorption of MB onto Bt@Star. However, the
Freundlich isotherm model is the best fit for the adsorption of MR, indicating
the existence of multilayer adsorption. Finally, this study demonstrates that the
composite adsorbents prepared herewith exhibit excellent adsorption perform-
ance and can be a cost-effective alternative for treating coloured wastewater.
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INTRODUCTION

Organic dyes are synthetic compounds extensively used in industries of
textiles, paper and plastics.! However, their stability and resistance to degrad-
ation make them persistent environmental pollutants.2 When discharged into
water bodies, these dyes can cause severe water pollution, affecting aquatic life
and potentially entering the human food chain.3 The effective removal of organic
dyes from wastewater is crucial to prevent environmental contamination and
safeguard the public health.4

Recently, various methods and technologies have been proposed and utilized
for treating wastewater contaminated with dyes. These methods include mem-
brane filtration,> biological treatment,® oxidation, photocatalytic degradation,’
adsorption® and coagulation-flocculation.? Researchers widely use the adsorp-
tion method as an alternative for dye wastewater treatment.!0 However, the
efficiency of this process can be limited by the use of expensive adsorbents.!!

One of the most effective techniques for improving the adsorption process is
to use various mineral or cement additives. These additives can be of natural
origin, such as natural pozzolan, or artificial, such as lime or cement. They can
also be mineral waste, such as silica fume, fly ash and so on. These materials
exhibit distinct physicochemical and mineralogical characteristics. !2 Further-
more, low-cost materials, such as natural adsorbents, agricultural waste and by-
-products, have been proven effective in removing dyes.!3 Clay minerals are
considered as alternative materials to achieve this goal. According to many
studies, bentonite clay can improve their properties in several fields.!4 Bentonites
are clay minerals, formed mainly by smectitic minerals in the form of lamellar
silicates. In these minerals, their small particle size, less than 4 um,15 creates a
large specific surface area and the presence of charge on the surfaces gives them
unique physicochemical properties that allow them to attract substances from
aqueous solutions. They are therefore widely used, among other important
applications, to adsorb toxic compounds from aqueous media.l6

However, it is a simple fact that clays have a low affinity for negatively
charged anionic dyes. It is important to note that the adsorption capacities of
clays can be significantly enhanced through a simple modification process using
cationic polymers or surfactants. This can be achieved through straightforward
ion-exchange reactions that create interactions between the cationic species and
the adsorbate.!” Previous research has shown that using modified montmorillon-
ite instead of raw montmorillonite greatly increases the effectiveness of acid dye
removal.18 It is important to note that he synthesis of modified montmorillonites
has already been reported and successfully used for the adsorption of Congo red
dye.!9 The study showed that the adsorption efficiency was significantly affected
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BENTONITE MODIFIED BY STARCH FOR DYE RETENTION 5 15

by the length of alkyl chains in a series of alkyl ammonium bromides. Several
authors have successfully modified montmorillonite using unconventional
agents,20 including gemini surfactants, to improve the adsorption of organic con-
taminants.2!

This paper outlines a new approach for the modification of bentonite with
starch and glycerol. The prepared composites were used as adsorbents to remove
cationic (methylene blue) and anionic (methyl red) dyes. Various experimental
parameters were examined to optimize the adsorption conditions. To assess the
adsorption process, some kinetic studies were carried out.

EXPERIMENTAL
Materials

The material used in this study is the natural clay of Maghnia (Algeria), which is sup-
plied by the ENOF company of bentonites.

One portion of the clay was used in the experiments, while the other was used for com-
posite preparation. The procedure given for the preparation of the Bt@star@gly composite
consists of mixing 5 g (5 %) bentonite in 45 mL of distilled water and then adding 0.75 g (30
%) glycerol and 0.125 g (5 %) starch to the suspension. On the other hand, the second com-
posite (Bt@star) was prepared by the mixing of equal amounts by weight of bentonite and
starch. The mixtures were then refluxed at a temperature of 80 °C for 4 h. After evaporating
the water under reduced pressure, the resulting composites were manually ground and purified
by stirring for 2 hours in distilled water to remove unreacted starting materials. Finally, the
purified bio-composites were dried in an electric oven at 60 °C for 24 h.

The synthesized composites were evaluated for their mineralogical and structural pro-
perties using X-ray diffraction (XRD) with CuKa radiation (2 = 1.54 A) at 40 kV and 30 mA,
on a Rigaku Mini Flex 600. Fourier-transform infrared spectroscopy (FTIR) studies were con-
ducted using the Agilent Cary 600 Series FTIR. The transmission spectra were obtained in the
range of 4000400 cm!,

Adsorption experiments

The batch equilibrium experiments were conducted to evaluate the adsorption capacities
of the prepared composites for methylene blue (MB) and methyl red (MR). In each experi-
ment, 25 mg of the composites were added to 25 ml of dye solutions with initial dye concen-
trations of 100 mg L-!. The experiments were carried out in beakers with constant stirring at
400 rpm. The pH of the solution was adjusted within the range of 3 to 9 by the addition of
drops of 1 M HCI or NaOH solutions. The contact time ranged from 5 to 120 min, while the
initial dye concentration ranged from 100 to 500 mg L-!. After adsorption, the adsorbent was
separated from the liquid phase by centrifugation at 3000 rpm for 10 min. The supernatant
was analysed using an Optizen 1412 UV/Vis spectrophotometer.

The adsorption capacity and removal efficiency were calculated from the initial and final
concentrations of the dyes in the solution using the following equations:

qez(co_ce)V/m (1)
RE (%) =100(C, — C.)/C, 2
where C, and C, denote the initial and equilibrium concentrations (mg L-!) of the dye aqueous

solution, ¥ represents the volume of the dye solution (L) and m represents the mass (g) of the
adsorbent used in each experiment.
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RESULTS AND DISCUSSION

Adsorbents characterizations

Raw bentonite, Bt, Bt@star and Bt@star@gly adsorbent materials were
characterized using XRD and FTIR techniques. The XRD diffractogram of raw
bentonite, shown in Fig. 1a, indicates the presence of different diffraction peaks
at 5.84, 15.7, 19.96, 21.0, 26.8, 35.1, 42.6, 46.0, 50.3, 54.8, 62.2, 68.3 and 73.3°,
corresponding to different phases such as montmorillonite, quartz, calcite and
magnesite.

These peaks were also observed in the biocomposites Bt@star and
Bt@star@gly, with a single characteristic peak at 26 5—6° indicating the basal
spacing (d-spacing) of the silicate layers. The d-spacing for Bt was measured at
26 5.62°, with a value of 15.71 A. The d-spacing for Bt@star was slightly shifted
to a higher angle, 20 5.97°, with a value of 14.77 A. This shift in the d-spacing
suggests that the presence of starch polymer constricted the interlayer galleries of
bentonite. It should also be noted that the chains of the polymer are mainly loc-
ated on the outer surface of the bentonite clay. Angkawijaya et al. reported sim-
ilar behaviour when modifying bentonite with chitosan.22
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Fig. 1. XRD patterns of raw Bt (a); comparative d-basal spacing of Bt, Bt@star and
Bt@star@gly (b).

Furthermore, as shown in Fig. 1b, the d-spacing for Bt@star@gly shifted to
a lower angle of 260 5.03° with a value of 17.55 A. This increase in the d-spacing
value confirms the success of the modification and the presence of glycerol in the
basal space. These findings are consistent with results obtained using other mole-
cules and macromolecules to modify bentonite, such as hexadecyltrimethylam-
monium bromide, cationic surfactant cetytrimethyl ammonium bromide, graph-
ene oxide, gelatine and poly(N-vinylpyrrolidone).18.23-26
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The XRD results are also in agreement with FTIR analysis. Fig. 2 displays
the characteristic bands of corn starch, raw bentonite Bt and the biocomposites
Bt@Star and Bt@Star@glyc.
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Fig. 2. FTIR spectra of the adsorbent materials.

The bands (v1 and v2) of raw bentonite at 3625 and 3701 cm™! are caused
by the vibrations of the OH groups of the water molecules adsorbed on the sur-
face of the sample Bt. A broad absorption envelope (v3) was observed in the
range from 3537 to 2987 cm™!, which is attributed to the “OH vibration of
physically adsorbed water. Additionally, the bending mode of water was obs-
erved at 1635 cm™! (v4).27 The IR spectrum of Bt indicates the presence of the
intense band (v5) centered at 981.51 cm™!, which is related to the stretching
vibration of the Si—O bonds. The 922 cm~! (v6) band reveals the presence of
amorphous Si0,.28 Moreover, the bands at 688 and 775 cm™! (v7) are attributed
to the AI-O-Si—O bond and silanol group, respectively.

The FTIR spectra of Bt@Star and Bt@Star@glyc unquestionably exhibited
a profile similar to that of raw bentonite. In addition, the spectra confirm the suc-
cessful modification with the emergence of new bands at 2930 (v8) and around
1400 cm™! (v9). These bands are attributed to the stretching vibration of the C—H
bonds and the symmetric deformation of CH, groups and asymmetric stretching
of C—H bonds.2% The Bt@Star spectrum and the Bt@Star@glyc spectrum are
clearly distinguishable. The two bands in question are more prominent in the
Bt@Star@glyc composite. This is due to the presence of similar absorption
bands in the glycerol spectra.30 This observation unequivocally confirms the fix-
ation of glycerol in the bentonite lattice, as previously demonstrated by XRD.

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



5 1 8 BENHACHEM et al.

Methylene blue and methyl red dyes removal

Effect of pH. Numerous studies have shown that pH is a critical parameter in
the adsorption process, as it affects both the functional groups of the adsorbent
and the adsorbate. Therefore, this study investigated the removal of MB and MR
dyes by native starch (Star), raw bentonite (Bt) and the composites Bt@Star and
Bt@Star@glyc at three different pH values: 3, 6 and 9, using HCI (1 mol L)
and NaOH (1 mol L™!). The results are presented in Fig. 3.
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Fig. 3. MB and MR adsorption efficiency RE at different pH for Star, Bt, Bt@star and
Bt@star@gly. [MB] = 100 mg L1, [MR] = 100 mg L'}, Vj;g and Vg =25 mL,
Mygs = 25 mg, ¢ = 60 min, 7= 20 °C, 400 rpm.

Upon comparing the four adsorbents, the experimental data clearly show that
the native corn starch has the lowest retention capacity, making it unsuitable for
MB and MR retention.

The results for MB dye clearly show that Bt, Bt@star and Bt@Star@gly
have a significant and similar retention capacity (RE) at both pH 3 and 6 (Fig. 3).
At pH 3, the RE is 98.53, 98.99 and 99.19 % for Bt, Bt@star and Bt@Star@gly,
respectively. At pH 6, the RE is 99.46, 99.23 and 97.53 % for Bt, Bt@star and
Bt@Star@gly, respectively.

The retention efficiency is also very significant for the MR dye at pH 6. The
value increased when starch and glycerol modifiers were added to the raw ben-
tonite. The values were 95.95 % for Bt, 97.73 % for Bt@star and 96.19 % for
Bt@Star@gly. The results clearly show that the addition of starch and glycerol
has no negative effect on the adsorption capacity of the bentonite portion for the
dyes.
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BENTONITE MODIFIED BY STARCH FOR DYE RETENTION 5 19

The result for MR at pH 6 is undoubtedly the most important for the part in
question. Fig. 3 clearly shows a significant increase in RE from 38.74 % for Bt to
77.71 % for Bt@Star and 85.58 % for Bt@Star@gly. This result definitively
confirms the crucial role of modifying Bt with starch and glycerol, which creates
a structure that interacts more effectively with cationic (MB) and anionic (MR)
dyes.

In contrast, it is clear that the retention efficiency of MR dye consistently
decreases for all adsorbent materials as the pH varies from 3 to 6 and then to 9.
This can be mainly explained by the partial deprotonation of the adsorbent sur-
face, which gives rise to a negative charge that prevents the interaction with MR
molecules that already carry a negative charge specific to their carboxylate
groups.3!

Effect of contact time

Fig. 4a and b show the effect of contact time on the adsorption capacity of
MB and MR dyes. In these experiments, 25 mg of each adsorbent was added to
25 ml of the dye’s solutions with a concentration of 100 mg L™1.
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Fig. 4. Time-dependent ¢, (mg g'!) of MB (a) and MR (b) removed by Bt, Bt@star and
Bt@star@gly. [MB] = 100 mg L1, [MR] = 100 mg L'}, Vg and Vg = 25 mL,
Mags = 25 mg, pH 6, T=20 °C, 400 rpm.

As shown in Fig. 4a, the adsorption of MB on the adsorbents Bt, Bt@star
and Bt@star@gly is a fast process which can be divided into two distinct phases
for the two composites. The first phase lasts for 30 min. During this time, the
majority of the MB molecules are fixed on the surface of the adsorbents, then
diffuse into the pores and the basal space of the biocomposites at a significant
adsorption rate. In the second phase, the saturation of the active sites of the
adsorbents resulted in a significant reduction in adsorption rate, with only a few
molecules being adsorbed.
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After 80 min of contact between the adsorbent and the adsorbate (second
phase), the adsorption of MB reached a plateau, indicating that equilibrium had
been reached. The presence of the plateau proves that the adsorption of MB has
reached equilibrium under the considered experimental conditions and also
proves that the adsorption rate is balanced by the desorption rate.

Fig. 4b clearly shows that the adsorption of MR on the used adsorbent
materials is rapid. Fig. 4 also demonstrates that the retention of MR is highly
efficient, with a g, value of more than 95 mg g~! in only 5 min of contact time.
Fig. 4b also shows a contrasting reverse behaviour to that of Fig. 4a, with
minimal fluctuation in retention capacity from 5 to 60 min (Part 1), then a gra-
dual desorption of the adsorbed MR molecules on Bt@star and Bt@star@Gly
(Part 2).

The experimental data were fitted with pseudo-first-order and pseudo-sec-
ond-order models using Eqgs. (3) and (4):

. K
Pseudo-first-order equation: log(g, —¢,) =logq, — 5 31)3 t 3)
Pseudo-second-order equation: L ! 3 +it 4
9 Kyqe de

where K (min~!) is the pseudo-first order adsorption rate constant, K> (g mg~!
min~!) is the pseudo-second order adsorption rate constant and g, (mg g~1) is the
adsorption capacity at equilibrium. These constants were determined from the
slopes and intercepts of the lines obtained by plotting #/g; versus t.

The graphical representations of this model are represented in Fig. 5 and the
kinetic parameters obtained from the fitting are given in Table 1. The comparison
between calculated adsorption capacities ge ca] and experimental ge exp values for
each dye clearly suggests that the pseudo second order model describes the
adsorption of MB and MR better. Similar results were reported by Mohammedi
et al 32-34

In addition, the correlation coefficients (R2) confirm that the adsorption of
MB and MR on each adsorbent studied is described by the pseudo-second order
model, indicating a multistage adsorption process. The adsorption rate is there-
fore dependent on the number of active sites in the adsorbent material. These
results are consistent with the previous studies, which also found that the ads-
orption of methylene blue and methyl red on various materials follows the
pseudo-second order model.35-37

Effect of MB and MR dose on the adsorption performance and isotherm
study. The effect of initial dye concentration was investigated in the range of 100
to 500 mg L~L. Fig. 6a—c show that the amount of dye retained by each adsorbent
increases with increasing initial dye concentration. For an initial concentration of
MB equal to 500 mg L1, the adsorption capacity achieved was 203.78 mg g~!
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(RE = 40.75 %), 146.21 mg g~ ! (RE =29.24 %) and 157.58 mg g~ (RE = 31.51
%) for Bt, Bt@star and Bt@star@gly, respectively. The MR dye ¢, values are
substantial, proving that the three materials are excellent adsorbents for removing
both anionic and cationic dyes. The obtained adsorption capacities are equal to
309.81 mg g7 ! (RE = 61.96 %), 426.38 mg g~ (RE = 85.27 %) and 309.82 mg
g1 (RE = 61.96 %) for Bt, Bt@star and Bt@star@gly, respectively. To compare,
the Table II clearly shows that the composites used in this study have better ads-

orption capacities (¢max) than many other materials reported so far in the lite-
rature,29-38-45
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Fig. 5. Linear fit by using the pseudo-first order model of the retention of MB (a) and the
linear fit by using pseudo-second order model for the retention of MB (b) and MR (c¢).

TABLE I. Characteristic parameters obtained by pseudo-first order; pseudo-second order

. Goex 15t order 2nd grder
Dye  Material g?lKl /min"! g o /mgg! R? Ky /mgg! min! g /mgg! R
MB Bt 99.69 0.0479 131 0,703 0.1137 99.70 1
Bt@star  99.69 0.0415 922 0950  0.0134 100.50  0.999
Bt@star@gly 99.87  0.067 1834 0904  8.06 107 101.01  0.9998
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TABLE I. Continued

) Go.ox 1t order 20d order
Dye Material X, K./ min] ; TR K T ; TR
mg g 1/ MIN°" gecq/ MG 2/ Mg MIN'" oo/ MG
MR Bt 99.69 Not applicable 0.0113 88.65 0,9961
Bt@star  99.61 Not applicable 0.0103 97.46 0,999
Bt@star@gly 98.09 Not applicable 0.0119 8333 0,9901
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Fig. 6. MB and MR removal capacity (¢g.) and removal efficiency (RE) as a function of the
initial dye concentration by using: a) Bt, b) Bt@star and ¢) Bt@star@gly. Vg and Vyg =25
mL, myq, =25 mg, pH 6, T=20 °C, 400 rpm, ¢ = 60 min.

In order to obtain information about the adsorption isotherms, the experi-
mental data were fitted to the Langmuir and Freundlich adsorption models using
Egs. (5) and (6), respectively. The curves obtained are shown in Figs. 7a—d:

: . C 1 C
Langmuir equation: — = +—= (35)
e  KiOmax Omax
Freundlich equation: logg, =log Ky + 1 log C, (6)
n

where K] is the Langmuir constant (L mg™1), Omax is the maximum adsorption
capacity (mg g~ 1), C. the concentration at equilibrium (mg L™!), K the Freund-
lich constant (mg g~1) and 7 is the adsorption intensity.

Table III shows the values obtained for the constant parameters of the Lang-
muir and Freundlich adsorption isotherms. The correlation coefficient values clearly
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BENTONITE MODIFIED BY STARCH FOR DYE RETENTION 523

TABLE II. Maximal adsorption capacity gmax for MB and MR removal by different materials

Dye Material gmax /Mg ! Reference
MB Hydroxyapatite@starch composite 45.51 2
Calcined hydroxyapatite 38.93 37
Biogas plant waste 147 38
Starch biocryogel 34.84 39
Diatomite 66.7 40
Montmorillonite modified tea waste biochar 27.89 4
Bt 203.78 This work
Bt@star 146.21
Bt@star@gly 157.58
MR Biogas plant waste 115 38
Bark of Hopbush 36.64 42
Orange peel 111.11 43
Carbon clay/alginate membrane 248.14 44
Anionic surfactant 53.59 4
Bt 309.81 This work
Bt@star 426.38
Bt@star@gly 309.82
56
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Fig. 7. Linear fits of the experimental data of MB (a, b) and MR (c, d) by using Langmuir and
Freundlich isotherm models, respectively.
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indicate that the adsorption of MB and MR dyes onto Bt and Bt@star@gly is
better described by the Langmuir model. The applicability of the Langmuir
model suggests that the adsorbent surface is homogeneous, resulting in the
monolayer adsorption. This unequivocally demonstrates that all the binding sites
present in Bt and Bt@star@gly are energetically equivalent.

TABLE III. Isotherm parameters for MB and MR adsorption by Bt, Bt@star and
Bt@star@gly samples according to Langmuir and Freundlich models

Material D Freundlich Langmuir
ateria Y Ke R quu/mgg’ KR

Bt MB  7.6863 107.8994  0.909 210.97 0.661 0.986
MR  3.0257 62.1592 0938 338.98 0.063 0.989

Bt@star MB 17.7935 97.0474 0,441 151.98 0.051 0.978
MR  2.5753 64.6831 0.827 518.13 0.032 0,543

Bt@star@gly MB 13.4408 102.8734 0,874 157.98 0.184 0.994
MR 34376 67.8771 0.913 317.46 0.061 0.973

The Langmuir model also describes the adsorption of MB by the composite
material Bt@Star. Nevertheless, the Freundlich isotherm model is the best fit for
the adsorption of MR, indicating the existence of multilayer adsorption. This
explains the important adsorption capacity of 426.38 mg g~! at an initial MR
concentration of 500 mg L1

CONCLUSION

The present investigation showed the significant results regarding the ads-
orption of methylene blue and methyl red using bentonite and its composites. The
described modification significantly improves the adsorptive capacity of bento-
nite, making these composites highly effective adsorbents for anionic dyes. Fur-
thermore, the study proves that using readily available natural materials is the
most effective way to minimize both starting material costs and experimental
expenses. The application of adsorption on modified bentonite is undoubtedly a
promising approach for the removal of pollutants from water.

H3BOJ
ITOBOJ/bIITAHA CBOJCTBA ALCOPITHUIJE AJDKUPCKOI' BEHTOHHTA
MOIU®HNKOBAHOI CKPOEOM U INTMIJEPOJIOM 3A 3AIIPXKABAIGE
METUJIEHCKOT ITJTABOT' U METUJI-LIPBEHOT

FATIMA ZAHRA BENHACHEM!?, HANANE MAHROUG??, MERIEM BENDJELLOUL*, ABDELKADER MIRAOUI'?,
EL HADJ ELANDALOUSSI?, KHALIL OUKEBDANE? M RANIA HALFAOUTI®

'Department of Industrial Engineering, Faculty of Technology, University of Tlemcen, Tlemcen, Algeria,
2Laboratory of Separation and Purification Technologies, Department of Chemistry, Faculty of Sciences,
University of Tlemcen, Tlemcen, Algeria, *Department of Hydraulic, Institute of Sciences and Technology,
University center of Maghnia, Algeria, *Environment and Sustainable Development Laboratory, Department
of Chemistry, Faculty of Sciences u Technology, University of Relizane, Algeria u *Department of Chemistry,
Faculty of Sciences, University of Tlemcen, Tlemcen, Algeria

Y pany je onucaHa IpUIpeMa HOBHX KOMIIO3UTa OEHTOHUT—CKPOD U OlLielkeHa je BhUX0Ba
eHUKaCcHOCT kao afgcopbeHca 3a ykilamwamwe 00ja MeTuieHcKor miasor (MB) u meTun-npseHor
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(MR) n3 BopeHux pacTBopa. AzncopbeHCH Cy OKapaKTepHUCaHW KOpHUIIhemeM peHITeHCKe
mudpaknuje v FTIR cnekrpockonyje. CTynuja je ©Mana 3a IW/b Ia ONTUMHU3Yje Mpolec yKia-
wama 00ja ucnuTHBameM yTunaja pH, nose agcopbdeHca, BpeMeHa KOHTAaKTa U NMOYETHE KOH-
ueHtpanuje. Kunernka copnuuje MB nu MR Hoje je ananusupaHa xopuurhewmem Mmopena
IICeyNo-NIPBOT U ICeyno-IpyTror pena. EKcriepuMeHTalHH pe3ynTaTH MoKasyjy Ja KHHEeTHUKH
MOZeN Tceyno-apyror pefa Hajdosse ogrosapa. KoMmnosutHu ancopbeHcH Cy nmokasanad COpI-
UOHHM KamauuTeT 3a MB y pacmony on 146,21 mo 157,58 mg ¢! 3a GeHTOHHT-CKPOD
(Bt@star) u denToHUT—-CKpObO—Tuuepon (Bt@star@gly), penom. Kanmauuter copnuyje 3a MR
bojy duo je 426,38 mg ¢! 3a Bt@star u 309,82 mg ¢! 3a Bt@star@gly. LlITaBuiue, BpeJHOCTH
KoeduUlMjeHTa Kopenaudje mokasyjy na ce agcopnudja MB u MR op crpane Bt@star@gly
Hajoosse onucyje JIeHrmupoBUM MofenoM. OBO HEOBOCMUCIEHO UMILIMLUPA [ia je MOBPLINHA
azcopbeHca XOMOreHa, IITO pe3y/lITHpPa jeJHOCI0jHOM afCcopNuXjoM. JIEBHTMHUP MoJien Takohe
TauHO ONMCyje apcopnuujy MB nHa Bt@star. Mehytum, ®pojHIINXOB MoOIesn H30TEPME je
HajoossH 3a apcopnuujy MR, mTo yka3dyje Ha MoCTojame BUIIECIOjHE agcopnuuje. KoHauHo,
OBa CTyfAWja NMOKa3syje ha KOMIIO3UTHH afCOPOEHTH KOjU Cy OBJE€ NMPUIPEM/BEHH MOKA3yjy
OIJIMYHE pes3yiTaTe afCcopnudje ¥ Mory OWTH HCIUIaTHBA aJTepHATHBA 3a TPeTMaH odojeHe
OTIafHE BOJE.

(ITpumsmeno 29. dedpyapa, peBunupaHo 22. anpuna, npuxsaheHo 24. HoBemdpa2024)
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